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MATERIALS  AND  METHODS 

Study  site 

The  study  was  performed  in  the  village  of 
Arso  PIR  I,  Irian  Jaya,  Indonesia.  Arso  PIR  I  is 
one  of  22  government-constructed  villages  mak¬ 
ing  up  a  community  of  approximately  25,000 
persons  covering  approximately  600  km*.  This 
village  (I40“47'E,  2®56'S.  elevation  <  55  meters) 
is  located  60  km  south  of  Jayapura,  the  provin¬ 
cial  capital,  and  has  a  population  of  approxi¬ 
mately  1 .000  persons  composed  of  approximate¬ 
ly  equal  numbers  of  1)  persons  native  to  Irian 
Jaj  a  who  have  been  exposed  to  significant  levels 
of  malaria  transmission  all  their  lives  and  2)  per¬ 
sons  native  to  Java  who  transmigrated  to  Arso 
PIR  1  2.5  years  prior  to  the  beginning  of  the 
study  and  who  experienced  very  little  or  no  ex¬ 
posure  to  malaria  transmission  prior  to  their  ar¬ 
rival  in  Irian  Jaya.'*’  Malaria  transmission  in 
Arso  PIR  I  has  previously  been  characterized  as 
holoendemic  or  hyperendemic  depending  on  the 
categorizing  standard  used.'  Point  prevalence 
surveys  for  parasitemias  in  adults  were  per¬ 
formed  at  the  start  of  each  of  these  studies.  At 
the  beginning  of  the  low  transmission  season, 
the  prevalence  of  all  malaria  in  2-9-year-old 
children  (n  =  16}  was  63C!:  {P.  falciparum  50*^. 
P.  vivas  13*^).  while  at  the  start  of  the  high 
transmission  season,  the  prevalence  of  all  ma¬ 
laria  among  2-9-year-old  children  (n  =  116) 
was  459t  {P.  falciparum  27%,  P.  vivas  18%). 
The  prevalence  values  for  adults  were  low  trans¬ 
mission  season;  all  malaria  32%  iP.  falciparum 
23%.  P.  vivas  9%y,  high  transmission  season;  all 
malaria  33%  iP.  falciparum  20%.  P.  vivas 
13%). 

Study  papulation 

The  study  protocol  w'as  approved  by  officials 
of  the  National  Institutes  of  Health  Research  and 
Development  of  the  Republic  of  Indonesia  and 
the  Protection  of  Human  Subjects  Committee  at 
the  U.S.  Naval  Medical  Research  Unit  No.  2  De¬ 
tachment  in  Jakarta.  Inclusion  factors  for  vol¬ 
untary  admission  into  the  study  were  1)  males 
>  15  years  of  age  (doxycycline  should  not  be 
given  to  pregnant  women  due  to  the  effects  of 
the  drug  on  developing  teeth  and  bone),  2)  full¬ 
time  residency  in  Anso  PIR  I,  and  3)  a  normal 
glucose-6-phosphate  dehydrogenase  (G-6-PD) 


level  normal  as  determined  by  G-6-PD  deficien¬ 
cy  screen  (Sigma,  St.  Louis.  MO)  to  prevent  the 
administration  of  primaquine  to  G-G-PD-defi- 
cienl  volunteers.  The  study  was  described  at  a 
village  meeting  to  Arso  PIR  I  residents  who 
were  then  invited  to  volunteer.  Participation  in 
the  study  was  strictly  voluntary,  informed  con¬ 
sent  was  obtuned  after  each  volunteer  was  ad¬ 
vised  of  possible  adverse  affects  and  the  right  to 
leave  the  study  at  any  time. 

Study  design 

Since  the  incidence  rate  of  malaria  transmis¬ 
sion  was  not  characterized  in  Arso  PIR  I  prior 
to  these  studies,  there  w'ere  no  figures  upon 
which  to  base  rationally  sample  size  calcula¬ 
tions.  We  therefore  recruited  into  the  study  as 
many  volunteers  as  logistics  permitted.  The  two 
populations  were  evaluated  and  followed  pro¬ 
spectively  as  fixed  cohorts,  one  during  May 
through  October  (low  transmission  season)  and 
the  other  during  January  through  April  (high 
transmission  season).  The  number  of  subjects 
completing  different  phases  of  the  study  is 
shown  in  Table  1.  The  studies  were  terminated 
during  each  of  the  two  seasons  when  both  pop¬ 
ulations  reached  approximately  50%  positive. 
This  required  20  weeks  during  the  low  trans¬ 
mission  season  study  and  12  weeks  during  the 
high  transmission  season  study.  The  subjects 
were  tested  weekly  for  parasites  by  blood  film 
examination. 

i 

Treatment  and  surveillance 

Once  enrolled,  the  subjects  were  radically 
cured  of  malaria  with  quinine  sulfate  (600  mg 
three  times  a  day  for  three  days),  doxycycline 
(100  mg  twice  a  day  for  seven  days),  and  pri¬ 
maquine  (15  mg  once  a  day  for  14  days).  Con¬ 
sumption  of  medication  was  observed  by  a  re¬ 
search  'team,  member.  After  the  drug  regimen 
was  completed,  blood  films  were  taken  weekly 
from  each  subject  until  the  subject  had  a  blood 
film  positive  for  P.  falciparum  or  until  study 
completion.  Blood  films  were  stained  with 
Giemsa  and  200  high-magnification  fields 
(l.OOOX)  were  viewed.  Subjects  positive  for  ma¬ 
laria  punsites  were  referred  to  the  local  health 
facility  for  treatment.  Subjects  who  became  pos¬ 
itive  for  blood-stage  parasites  during  the  first 
two  w^eks  after  the  completion  of  the  drug  reg- 
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Table  3 

Attack  rates  far  Pltsmodium  fakipanjin  during  both 
transmission  seasons  presented  as  annual  rates  for 
rase  of  comparison  (number  of  cases  per  person  per 
\<ar) 


WJV'fl 

Wdum 

Transmigrants 

1.89 

3.04 

Irianese 

1.14 

2.73 

All 

1.56 

2.91 

The  Irianese  had  significantly  dinerent  attack 
rales  during  ihe  iwo  seasons  in  contrast  to  those 
seen  in' the  transmigrants  (Tabic  5).  During  the 
low  transmission  season.  50%  of  the  transmi¬ 
grants  were  parasite  positive  by  week  10.  43% 
of  the  Irianese  were  positive  by  week  17.  During 
the  high  iransmission  season.  S0%  of  the  trans¬ 
migrants  were  positive  by  week  6  and  50%  of 
the  Irianese  were  positive  by  week  9  (Figure  1). 


Incidence  density 


alive  risk)  were  calculated  according  to  Roth- 
lnan^  Estimation  of  power  (I  -  3)  and  sample 
sizes  were  determined  as  described  by  Browner 
and  others.’ 


RESULTS 


Study  population 

The  mean  ages  of  the  subjects  completing  the 
study  arc  show  in  Table  2. 


Attack  rates 

The  attack  rates  for  P.  falciparum  during  both 
transmission  seasons  are  presented  in  Table  3  as 
annual  rates  for  case  of  comparison  (number  of 
cases  per  person  per  year). 

Analysis  of  the  attack  rates  (Table  4)  revealed 
a  siaiisiical  difference  between  transmigrants 
and  Irianese  during  the  low  transmission  season 
but  not  during  the  period  of  high  transmission. 
During  the  low  transmission  season,  the  trans¬ 
migrants  were  at  approximately  1.65  times  the 
risk  of  becoming  P.  falciparum  blood-stage  pos¬ 
itive;  the  95%  confidence  interval  indicates  that 
the  true  relative  risk  was  between  1.17  and  2.34. 
Both  ethnic  groups  had  higher  attack  rates  after 
12  weeks  in  the  high  transmission  sea.son  than 
during  the  low  transmission  season  (Table  5). 


Incidence  density  data  are  shown  in  Table  6. 
During  the  low  transmission  season,  an  inci¬ 
dence  density  of  4.81  P.  falciparum  cases  per 
1(X)  person-weeks  was  calculated.  The  incidence 
density  for  transmigrants  alone  was  6.46  cases 
per  100  person-weeks  as  compared  with  3.09 
cases  per  100  Irianese  person-weeks.  The  esti¬ 
mated  relative  risk  during  this  20-week  period 
was  2.09  (95%  confidence  interval  1.28.  3.43). 
During  the  high  transmission  season.  8.49  cases 
of  P.  falciparum  malaria  occurred  per  100  per¬ 
son-weeks:  the  rate  was  8.92  for  transmigrants 
and  7.92  for  the  Irianese  subjects.  The  estimated 
relative  risk  for  the  transmigrants  during  this  12- 
week  period  was  1.13  (95%  confidence  interval 
0.72,  1.77).  There  was  a  significant  difference 
between  the  transmigrant  and  Irianese  incidence 
densities  during  the  low  transmission  season  but 
not  during  the  high  transmission  season  (Table 

7). 


Entomology 


Collections  made  at  the  beginning  of  the  low 
and  high  transmission  seasons  indicated  that 
Anopheles  koliensis  was  the  predominant  vectw 
(98.8%  and  98.5%  of  the  anopheline  catch,  re¬ 
spectively).  Entomologic  findings  are  presented 


in  Tab! 


e  8. 


Table  4 


•(.>(»  of  attack  rates:  comparison  of  ironsmigronis  with  Irianese  during  htnh  trtmsoiission  seasons 
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0.003 

1,63 

(1.17.  2.34) 

83% 
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29/46(63) 
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1.12 

(0.83.  1.47) 

8% 

•  VjliMt  »rt  riiUmiHtlim  fakirunnn  c  ne^rut  mpmeJ  (Of 

♦  Oii'H|uv«  t»li|i  conilnuii)  fomcih-A  (ikiw.  I 

t  RR  ~  R«Uil*«  fl«k. 

I  ProbaMIliy  of  dtitcilKy  ■  rt«l  dirTcrtnet  Ifi*  i«>»  frOupt.  j 

t  LTS  •  low  iniHmIlllon  MMon,  30.wt«k  follow-iip.  ! 

■  HTS  ■  hifh  irantmlMloA  MivHi.  1 follow-up.  S 


:i4 


loM.S  ANiXiTIH  RS 


T»!  II 

A  /../f  t;  t  •  r  ;i,.rni  it  t’J  fjjtti  i>J  ifit  «.».•/  /<n»  ! 

ivul  ht.iiu  L  ■ 


l!  iji'.e- v’ 


in  .• 

•J.Vo!  (Toi 

:«i  4f,  ,;>.’i 


Ll:. 


/> 


I 


u<4i 

5o»?2* 


o*2y 

ly.tX'y 


III 
I  *<? 


I0.K7,  1411 
(1.24.  .vi:i 


«•: 
x2  < 


•  \  J.  :  U  i  ..’aJ  J  J  (.•••!  *..1.  4 »«?%  tk-  fc  ' 

•  H i .s  ‘  hi^*h  ^K•  I  ..'iviH 

1  ITS  H  U'v»  I* 

t  •  S.  ;  »  U».  » .  •■'t'  r».-  r  »  u'f  •» 

J*  f<  “ 


i  .  !  »U*r, . ;  ‘  . .  f  r^c-- ' 


•v .  ):t  K  J*** 


l')t.iiitii;  ihc  It'vs  soa'i'ii.  20  tiaiJA- 

iin^c.nU  anvt  ‘M  lii.'.iwsc  M>vd  I'Ura'  vvciv  n»'l 
lI'.iN  rcptwms  I'.iilurc  iv‘>.iMnpK'  raic% 
t'l  2.7';  ai’.vJ  12  S'^;.  r.*-pOvMvcl\ .  Thv.*  overall 
late  toi  lie  liivv  reason  v'aN  7  6'J. 

l.qnO alciit  th,n:te>.  for  the  hieh  tran^ml^^ion  >c.!- 
M  ii  arc  2  I'J  lor  ihe  iiaM'inierantN.  V.O'r  f.a  ilv 
IriariC'C.  anJ  5.1 '7  mer.'ll 


ri.:-.i!U'Jiuni  r  i\aV 

l^uri’ie  the  low  tranNinisAjon  ACa’»«‘n  Af.sJv.  !s 
of  (>M  trar.Mitierantv  (27‘;f » .i:ul  K'  »>f  5*)  !ri„ne'e 
'tih;eets  (.'2'ii  ilereJopci!  h!*HHl->taee  /*.  lOi.r 
infeetion>  prior  io  reachine  a  vtiuS  ei’.Jpoi!i:.  In 
tlie  tiieh  uati'iiii'Nion  season,  'e.en  of  f»|  tr.-.eo 
n**:etjnts  1 1 1'f  i  anil  four  of  -Ui  Irj.a.e'e'  si.hseeSv 
(y.7',)  aUo  ileielopeJ  /’.  v»n/»  infeeliotiA  prior 
to  reaching:  a  vtiuly  enJpoin!. 


:>iM  1  ss:<  .N 


;o' 


1;  j'T  Tfin?;- 


Fir.i  Rr  I .  Attack  rates  presented  as  tlie  euntulatoc 
ineiilciice  c>f  A'»«(.ows/.’ii»r» /a/ii/><jniw  daring  h«*th  the 
km  transrni'sioit  am!  the  high  transmission  seasons. 


Jo  esiahiisli  lonviiteinglv  that  a  itulatt.s  sax* 
cine  is  effexine.  lieki  iri.tU  londuete.l  uitxier 
eomlitii'i’.s  of  n.itura!  rransinixstort  aic  tvipiircxi. 
Because  the  nature  and  intensttv  of  /’,  /IsL  ip.s- 
r.ifi:  iianMtiission  \aries  greatK  worldwixle.  it  is 
i:'.ipo:tai!i  to  evaluate  candidate  vaccines  under 
a  vaiiciv  of  conditions  of  traiistnission  attxl  in 
iliffeicr.i  populations  including  chtidton  aUx! 
both  immune  and  nonimmunc  adults,  This  will 
rcijuire  the  establishment  of  several  tiold  sitx-s 
around  the  world.  For  example,  it  will  K'  im- 
IHvrtatii  to  determine  the  perforniance  of  a  can¬ 
didate  vaccine  iiiuler  intense  »ansntissis':i  pres¬ 
sure  such  as  that  seen  in  western  Keava.'  but  a 
failure  to  perform  uitxler  those  circumstances 
diH.-s  not  me.in  that  the  vaccine  in  s{:iestton  will 
not  K‘  cifcciive  in  areas  v»f  Rsw  v'r  high  sea  • ‘Im! 
transmission.  Before  a  vaeeine  can  be  te'tx'd  at 
an.v  iteld  site,  however,  a  minimum  character- 
i?ation  of  the  site  mu.st  be  made  so  th.»t  iJ  c 
can  be  properly  designed.  .Arso  MR  I  was  eval¬ 
uated  as  a  potential  study  site  for  the  testing  of 
P.  /ulcif'iiriim  malaria  vaccines  cutrentJy  unvler 
develi'pinoni.  In  addition,  this  site  h.t.s  the  {V- 
tentially  important  attribute  of  a  niixovJ  i>v»pu’ 
lation:  half  of  the  xlUagers  have  a  histvnv  of 
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Table  6 

Incidence  density  data 


LTS* 

HTS» 

Tnuumlfniua 

Irlatww 

Tranamlfraiiu 

Man* 

Person-weeks 

743 

713 

482 

366 

Pf  casest 

48 

22 

43 

29 

IDS 

6.46 

3.09 

8.92 

7.92 

*  LTS  •  low  innu.  momil 
t  KTS  w  hifh  ffWMIlMiiOM  MIMM. 

$  Pf  <■  ManHodtitm  fMpenm, 

1 10  w  Incidenc*  dciKtiiy.  eawi/lOO  penom%ii««Li. 


life'Iong  exposure  to  malaria,  the  other  half  are 
effectively  naive.'*’ 

The  most  important  determination  required 
for  planning  a  vaccine  trial  is  the  rate  at  which 
the  infection-specific  outcome  variable  occurs 
in  exposed  persons.  In  this  study,  development 
of  patent  parasitemia  was  the  malaria-specific 
outcome  variable.  The  occurrence  of  this  out¬ 
come  is  usually  presented  as  an  incidence  or 
attack  rate,  the  number  of  new  ca.ses  of  Infec¬ 
tion  occurring  in  the  population  during  a  spec¬ 
ified  time.  In  this  study,  both  the  attack  rate  and 
incidence  density  figures  showed  significant 
levels  of  difference  between  the  two  popula¬ 
tions  during  the  low  transmission  season.  Dur¬ 
ing  the  high  transmission  season,  the  pow'er 
calculations  indicate  that  the  sample  sizes  did 
not  provide  sufficient  power  to  resolve  easily  a 
difference  between  the  two  groups.  When 
transmission  pressure  was  evaluated  by  inci¬ 
dence  density,  a  difference  between  the  trans¬ 
migrant  and  Irianese  rates  w  as  found  in  the  low 
transmission  season  study.  A  determination  of 
relative  risk  bused  on  the  attack  rates  indicates 
that  the  transmigrants  had  at  least  a  I79t  great¬ 
er  risk  than  the  Irianese  to  develop  P.  falcipa¬ 
rum  parasitemia  during  the  low  transmission 
season  (point  estimate  of  risk  -  659:).  When 
incidence  density  data  were  used  in  the  same 
analysis,  the  transmigrants  had  at  least  a  2S% 


increase  in  risk  of  becoming  parasitemic  (peunt 
estimate  of  risk  s  109%).  Long-term  exposure 
to  malaria  induces  a  level  of  protective  immu¬ 
nity.  This  analysis  condenses  to  a  measure  of 
relative  risk  the  amount  of  risk  experienced  by 
the  nonimmune  transmigrants  compared  with 
the  semi-immune  Irianese. 

Another  way  to  interpret  these  incidence  den¬ 
sity  data  is  to  calculate  the  mean  time  until  onset 
of  P.  falciparum  parasitemia  (the  inverse  of  the 
rate).*  During  the  low  transmission  season,  for 
example,  the  mean  time  until  onset  is  15  weeks 
for  the  transmigrants  and  32  weeks  for  the  Iri¬ 
anese.  This  difference,  as  with  the  relative  risk, 
is  reflective  of  the  effect  of  long-term  exposure 
to  P.  falciparum  transmission. 

Exclusion  criteria  exercised  at  the  time  of  data 
calculation  eliminated  those  subjects  who  had 
the  greatest  degree  of  failure  to  comply.  The  re¬ 
maining  subject  groups  had  failure  percentages 
of  2.1%  to  12.8%.  Evaluation  of  the  data  based 
on  person-weeks  rather  than  attack  rates  ac¬ 
counts  for  these  lost  slides  (lost  obsen’ations) 
because  the  rate  is  not  based  on  number  of  cases 
per  population  per  time  period  but  rather  number 
of  cases  per  person-week.  A  person-week  is  rep¬ 
resented  by  a  slide,  positive  or  negative,  and  in 
theory,  the  likelihood  of  any  given  slide  being 
positive  within  any  group  is  the  same.  While  this 
method  eliminates  the  effect  of  lost  slides,  it 


Table  7 

Analysis  of  incidence  densities:  comparison  <f  transmigrants  with  Irianese  during  both  transmission  seasons 


Tfanmiiniiu* 

Irianc^* 

r* 

RRt 

(950  cooAdtnet  kMarval) 

LTSS 

48/743 

22/713 

0.004 

X09(l.28.  3.4.3) 

HTSl 

43/482 

29/366 

0.695 

1.1.3(0.72.  1.77) 
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one,  and  we  are  forced  to  accept  the  null  hy* 
poihcsis  (there  is  no  difference  between  the  pla¬ 
cebo  and  the  vaccinated  groups).  As  the  third 
entry  in  Table  9  shows,  however,  a  small  In¬ 
crease  In  the  n  value  to  65  per  group  with  the 
same  40%  efficacy  would  result  in  a  significant 
difference  in  the  risk  (/*  «  0.0.12),  a  95%  con¬ 
fidence  iiiter>'al  of  6%  and  61%,  and  rejection 
of  the  null  hypothesis.  The  last  entry  in  Table 
9  shows  what  is  required  if  one  wishes  to  nar¬ 
row  the  width  of  the  95%  confidence  inter\'al 
for  vaccine  efficacy  to  approximately  ±  10% 
(40%.  5S%):  the  sample  size  required  would 
increase  to  500  subjects  per  group.  These  anal¬ 
yses  highlight  the  need  to  consider  not  just  sta¬ 
tistical  significance  as  demonstrated  by  a  P  val¬ 
ue.  Of  equal  importance  is  the  need  to  consider 
the  magnitude  of  the  difference  in  estimated 
relative  risk  between  the  vaccinated  and  pla¬ 
cebo  groups.*'  When  selecting  samples  sizes, 
investigators  need  to  decide  what  level  of  un¬ 
certainty  (confidence  interval)  they  are  willing 
to  accept  considering  the  logistic  constraints 
they  face. 

Once  the  sample  size  has  been  selected,  ad¬ 
ditional  factors  must  be  considered.  In  this 
study,  an  average  of  1 1  %  of  high  transmission 
season  subjects  became  positive  for  P.  vivax 
prior  to  reaching  a  study  endpoint  and  an  attri¬ 
tion  rate  of  IS%  occurred  between  recruitment 
and  study  completion.  Therefore,  larger  num¬ 
bers  of  subjects  would  be  required  at  the  start 
of  a  placebo-controlled  vaccine  study.  Once  ad¬ 
justments  for  these  losses  arc  made.  690  rather 
than  500  subjects  would  be  needed  in  both  the 
placebo  and  experimental  groups  to  complete  a 
study  as  described  above.  This  study  highlights 
the  need  to  calculate  the  sample  size  based  not 
only  on  predicted  vaccine  efficacy  and  estimat¬ 
ed  subject  attrition  but  also  on  a  desired  width 
of  confidence  interval  for  the  obsers  ed  vaccine 
efficacy. 

Acknowledgments:  We  thank  Drs.  Christine  Beadle 
and  K.  Craig  Hyams  for  review  of  the  manuscript  and 
insightful  commenu.  We  also  thank  the  Walter  Reed 
Army  Institute  of  Research  and  the  World  Health  Or¬ 
ganization  for  the  reagents  used  in  sporozoite  antigen 
deteaion. 

Financial  support:  This  study  was  supported  by  the 
Naval  .Medical  Research  and  Development  Command. 
Navy  Department  by  work  units  3MI61I02. 
BSI3AK.4II.  3MI62770.A870.A.N'42I.  3MI6II03. 
BS13AD.4I0.  and  3.M463807.D808.AQI33. 


Disclaimer:  The  opinions  and  asscitioos  expressed 
herein  are  those  of  the  authors  and  not  to  be  consirved 
as  official  or  as  refiecting  the  views  of  the  Navy  De¬ 
partment  or  the  Naval  Service  at  large  or  that  ^  the 
Indonesian  Ministry  of  Health. 

Authors*  addresses:  Trevor  R.  Jones.  Peter  O,  Me- 
Elroy,  and  Stephen  Hoffman.  NMRl  Annex.  13300 
Washington  Avenue.  Rockville.  MD  20852.  J.  Kevin 
Baird.  Pumomo.  and  Hasan  Basri.  Naval  Medical  Re- 
»«areh  Unit  No.  3.  Box  3.  APO  AP  96530.  Mlebmrl  /. 
Bangs.  Department  of  Preventive  Medicine  and  Bio¬ 
metries,  Uniformed  Services  University  of  the 
Sciences,  4301  Jones  Bridge  Road.  Beihcsda. 
30814.  Barr}'  A.  Annis.  Navy  Environmental  and  Pre¬ 
ventive  Medicine  Unit  No.  2.  1887  Powhatan  StreeL 
Norfolk,  VA  23511.  Suriadi  Gunawan,  National  Insti¬ 
tutes  of  Health  Research  and  DevelopmenL  Jalan  Per- 
cetakan  Negara  No.  29.  Jakarta  Pusat.  Republic  of  In¬ 
donesia.  Slamet  Harjosuwarno.  Provincial  Health 
Sers  ices  Jayapura.  Irian  Java  Republic  of  Indonesia. 


REFERENCES 

1.  Jones  TR.  Baird  JK.  Basri  H.  Pumomo.  Danidirgo 

EW.  1991.  Prevalence  of  malaria  in  native  and 
transmigrant  populations  -  Effects  of  age  and 
history  of  exposure.  Tntp  Ceogr  Med  4};  1-7. 

2.  Baird  JK.  Jones  TR.  Danudirgo  EW,  Annis  B.A. 

Bangs  .MJ.  Basri  H.  Pumomo.  Mxsbar  S.  1991. 
Age-dependent  acquired  protection  against 
Plasmodium  falciparum  in  people  having  two 
years  exposure  to  hypercndcmic  malaria.  Am  J 
Trap  Med  Hyg  45:  165-176. 

.1.  Baird  JK.  Pumomo.  Basri  B.  Bangs  MJ.  Andersen 
EM.  Jones  TR.  Masbar  S.  Harjosuwarno  S.  Su- 
bianto  B,  Arbani  PR.  1993.  Age-specific  prev¬ 
alence  of  PlasmtHilum  falciparum  among  six 
populations  with  limited  histories  of  exposure  to 
endemic  malaria.  Am  J  Trap  Med  Hvg  49: 707- 
719. 

4.  Rothman  RJ,  1986.  Modem  Epidemiology.  Bos¬ 

ton:  Little.  Brown  and  Company. 

5.  Belkin  JN.  1962.  77»e  mo.fquit€>es  of  the  South  Pa¬ 

cific  tDiptera:Culicidac).  Volumes  I  and  2. 
Berkeley:  L'niversity  of  California  Press. 

6.  Winz  RA.  Burkot  TR,  Graves  P.M,  Andre  RG. 

1987.  Field  evaluation  of  enzyme-linked  im¬ 
munosorbent  assays  for  Plasmodium  falciparum 
and  P.  vivax  sporozoites  in  mosquitoes  (Dipiera: 
Culicidae)  from  Papua  New  Guinea.  J  Med  En- 
tomol  24:  I4,X3-I4.37. 

7.  Brow'ner  WS.  Black  D.  Newman  TB,  Hulley  SB. 

1988.  Estimating  sample  size  and  power.  Hul¬ 
ley  SB.  Cummings  SR,  eds.  Designing  Clinical 
Research.  Baltimore;  Williams  &  Wilkins.  139- 
150. 

8.  Hoffman  SU  Oster  CN.  Plowe  CV.  Woollctt  GR. 

Beier  JC.  Chulay  JD,  RA,  Hollingdale 
MR.  Mugambi  M.  1987.  Naturally  acquired  an¬ 
tibodies  to  sporozoites  do  not  prevent  malaria; 
vaccine  development  implicatioiu.  Science  237: 
1639-1642. 

9.  Greenland  S,  1977.  Response  and  follow-up  bias 


JONES  AND  OTHERS 


21S 


in  cohort  studies.  .4m  J  EpiJfintol  106:  1184— 
11S7. 

10.  Criqui  MH.  Barrett-Connor  E.  Austin  M.  1978. 

Differences  between  respondents  and  non-re¬ 
spondents  in  a  population- based  cardiovascular 
disease  study.  Am  J  EpiJerr.inl  lOS:  1367-1372. 

11.  Pull  JH,  Grab  B.  1974.  .A  simple  epidemiologic 

model  for  evaluating  the  malaria  inoculation 


rate  and  the  risk  of  infection  in  infants.  Bull 
World  Health  Organ  51:  507-516. 

12.  F.hrman  FC.  Ellis  J.M.  Young  MD.  1945.  Bias- 

modium  vivax  Checson  strain.  Science  101: 
377. 

13.  Pocock  SJ,  Hughes  MD,  Lee  RJ,  19.87.  Statistical 

problems  in  the  reporting  of  clinical  trials.  A' 
Engl  J  Med  317:  426-432. 


Acces 

cft  r or 

-  -  -- 

NTIS 

a 

DTIC 

!  A'J 

f  n 
i 

Ut.j.i. 

-  ''.J 

r . 

JU.itii  ■ 

".s  IjO.  » 

i 

■  "j 

By 

- - .q 

i 

Oi.t.'ib 

.. 

1 

—  • 

VJ 

V  s,  \  x't 

Oist 

Avd't  < 

;  0' 

1.1.71 

/\i 

1 

1 

'  ^ 


